and Pleurotus ostreatus incubated in grain for 14, 28, 42, or 56 days. FMG protein percentage, live weights, Eimeria oocyst, bifidobacteria counts, mortality, feed consumption, blood differential and immunoglobulins (IgA, IgG) were evaluated in this experiment. Percent protein between mushroom incubation periods differed significantly. Body weight results showed that all experimental treatments were significantly (P<0.05) different from treatment 1 (Control) for male broilers but did not differ with the females, while the overall feed intake was significantly higher for the control broilers. Fecal oocyst count showed only one treatment (2) differed significantly (P>0.05) from treatment 1 (Control). Bifidobacteria counts were highest in treatment 4 (8.071og10) when compared to the treatment 1 control (7.691og10) at week 5. Some hematological analysis values showed some elevation and decreased protein levels as the incubation time increased along with the antibody IgA and IgG titers. The results from this study suggest that the incubation time, mixture and level of FMG do not adversely affect growth and higher antibody levels in broiler chickens could enhance health as percent protein decline with increased beta-glucan and incubation time of the FMG.
INTRODUCTION
The removal of many feed additives/antibiotics in poultry rearing has negatively impacted health, production performance and product safety (Montagne et al., 2003) . Therefore, new strategies and alternatives feed additives, including medicinal mushroom, are attracting heightened interest (Ohimain and Ofongo, 2012) . Research on medicinal mushrooms for animals has focused on compounds that can modulate the biologic response of immune cells. Those compounds that appear to stimulate the animal's immune response are of interest so that drugs/antibiotics usage in poultry production can be reduced or eliminated. Recent research has paved the way for utilizing and furthering the potential for mushroom applications in poultry production. For instance, Guo et al. (2004) studied the effects of mushroom and herb polysaccharides o n cellular and humoral immune responses of Eimeria tenella-infected chickens and concluded that these supplementations resulted in an enhancement of both cellular and humoral immune responses. In recent decades, significant gains have been made with utilizing mushrooms for promoting animal health (Borchers et al., 2004) . Dalloul et al. (2006) pioneered some studies on the immune-potentiating effect of lectin extracted from Fomitella fraxinea in poultry during coccidiosis. Their results demonstrated that the lectin extraction given to chickens was effective in promoting growth and enhancing immune-modulatory activity during coccidiosis. More recently, Selegean et al. (2009) studied the effect of a polysaccharide extract from the edible mushroom Pleurotus ostreatus against infectious bursal disease virus and found a positive synergistic relationship between the extracts and bursa vaccines in stimulating the production of antibodies. In a similar vein, a water extract method has been utilized to further study mushrooms in promoting poultry health (Willis et al., 2007 (Willis et al., , 2009 ). Other usages of this product, pioneered by Willis et al. (2009) , utilized the mushroom extract to molt aging laying hens for additional eggs production cycles. As these positive findings have evolved using mushroom extracts and their product in enhancing poultry health, some other issues and concerns have surfaced. These include: what are the most effective type and dosage and what is the cost of producing the mushrooms and the time and labor needed to extract the polysaccharides from them? These concerns and others led to studies by Willis et al. (2009) that utilized Fungus Myceliated Grain (FMG) instead of extracts in research with broiler chickens that cost less and was easy to administer. These investigations resulted in a FMG product composes of cultures of mushroom spawn incubated in sorghum grain. The product derived from the methodology employed is more economical t o produce and administer to chickens via the feed rather than extracts added to water and other delivery methods. Their most recent studies have utilized FMG inclusion in the feed to molt laying hens and investigate coccidiosis infection protection, Salmonella population reduction bifidobacteria growth and immune enhancements i n broiler chickens (Willis et al., 2012 (Willis et al., , 2011 (Willis et al., , 2010 . The present study relates to issues surrounding methods, type of mushrooms, level of supplementation, duration of incubation time, feeding regimes and performance. Accordingly, this specific experiment was undertaken to determine if specific antibody levels, body weights and other performance traits of broiler chickens were positively or negatively affected by FMG incubation time and inclusion level in their diet.
MATERIALS AND METHODS
times and sent to a commercial laboratory for protein Experimental design and husbandry: Two hundred seventy (n = 270) day-old-male and female broiler chickens (Ross x Ross) were obtained from a commercial hatchery. The chicks were weighed and randomly distributed into nine different treatment groups replicated three times with 10 chicks (5 males + 5 females) that were fed a control or a 5 or 10 percent FMG mixture, each made from four different mushrooms and with four different incubation periods as follows: (1 All FMG types were evenly mixed and fed at the 5 and 10 percent inclusion level of a balanced basal meal ration (Table 1 ). All chicks were vaccinated against Marek's disease, infectious bronchitis and Newcastle disease prior to leaving the hatchery. Each treatment group was housed and maintained within a 27 floor pen system containing unused wood shaving in each (1.2 m ) pen 2 with a drinker and one hanging feeder. Body weights of males and females, mortality, blood, fecal samples for oocyst and bifidobacteria counts were collected and evaluated at 49 days of age.
Mushroom cultivation, protein determination and basal diet: Shiitake, cordyceps, reishi and oyster were cultivated at the Mushroom Biology and Fungal Biotechnology Laboratory at North Carolina A&T State University. Sterile sorghum grain was separately inoculated with selected fungi, at 25°C for 2, 4, 6 and 8 weeks before use (Willis et al., 2010) . The resulting myceliated grain was processed by air-drying at about 25°C for approximately 6 hours and ground into a powder that was used for supplementing the basal ration in the experimental trials. Samples were collected from the different mushrooms at different incubation assessment. The basal diet composition is shown in Table 1 . The four different fungi were weighed and put into the basal diet at 5 and 10 percent levels, mixed thoroughly and placed into tube feeders in respective treatment pens. The basal meal ration was free of any medication. The chickens were fed ad libitum FMG which had been inoculated with a combination of four species of mushroom spawn that have documented health attributes. Eimeria fecal analysis: Fecal samples were collected at day 49 from four birds in each treatment that had been placed in cages prior to collection. The samples were transported to the laboratory where two grams of feces per tube were measured out onto a small scale and then placed into a clear, sterile container in which 30 ml sodium nitrate was conjugated. The mixture of solution and fecal matter was strained through cheese cloth and the mixture was pipetted and transferred to the chambers of McMaster's slide. A total of 5 minutes elapsed in order for the eggs to reach the surface of the chambers of the slide. A microscope using 10x lens and 10x eye piece was used to read the McMaster's slide. The total number of eggs in the two chambers was multiplied by 50, thus indicating the eggs-per-gram for each sample (Hodgson, 1970) .
Bifidobacteria fecal analysis:
The population o f Bifidobacteria in fecal samples was determined using the standard laboratory method (Ibrahim and Salameh, 2001; Brown et al., 2005) . Fecal samples were collected from floor droppings at four and five weeks of the experimental trial and transported to the laboratory for analysis. The samples (11 g each) were diluted with 99 ml sterilized 0.1% peptone water and homogenized using a stomacher 400 lab system 4 for 2 min and 100 µL of appropriate dilution was plated onto modified BIM 24 agar. Plates were incubated at 35°C for at least 3 d to allow for bifidobacteria cell growth. In addition, the Gram Stain techniques were used to facilitate microscopic examination of morphological characteristics o f bifidobacteria. Fructose 6-phospnloketalase activity was measured to confirm the identity of the bifidobacteria.
Statistical analysis: Data analysis was carried out using SPSS version 17.0 (SPSS Inc., Chicago, IL). Analysis of Variance (ANOVA) was performed to detect any significant differences between the treatment groups. The Duncan multiple range test was subsequently used to detect the source of difference in the ANOVA output. Mean values were considered significantly different at (P<0.05). Data are expressed as mean values±SEM. The critical level for the null hypothesis rejection in all the statistical test was 5% (a = 0.05).
RESULTS AND DISCUSSION
Protein percent of mushrooms: The effect of incubation growth time on the percent protein is shown in Table 2 . There were significant (P<0.05) differences in protein levels of treatments. The data for the mushroom species showed a decline or decrease as incubation time increased for most species, except for Reishi. As such, the feeding at various levels of inclusion was expected to significantly decrease body weights. However, this was not a clear cut case, as body weights were somewhat constant. The mixture of different types is believed to balance the protein decline overall of the supplemented product into the basal ration at the levels of inclusion.
Body weights:
The effects of dietary supplementation with FMG on body weights of male and female broiler chickens are presented in Table 3 . Body weights of male broilers differed significantly (P<0.05) in all experimental treatments when compared to the Control-No FMG; whereas the females did not differ. The mixtures incubated for different periods of time did not show any decline in body weights as was shown in protein percent decline over extended periods of incubation (Table 2) . Even a t the 10% level of inclusion, no significant differences (P>0.05) were observed with the four-way mixture which is in contrast to previous research showing significant decline in weight using a single fungus at the 10% inclusion level. Moreover, a s demonstrated in previous work by Willis et al. (2010) , individual mushroom inclusion at the 5% level was comparable to the control groups. The fact that the females in each treatment did not differ from each other 2.545±0.233a 2.307±0.045a 3.531±0.132ab 6.563±0.042ab 7.560±0.055a Each value is expressed as mean ± standard error (n = 3). Different letters in each column indicate significant differences at P<0.05 according to the Duncan Statistics presents a challenge as to why this occurred. At this time, no explanation is offered; however, Willis et al. (2007) demonstrated that male and female chicken administered mushroom extracts responded differently with regards to body weight gain.
Feed intake:
The average feed intake per bird is shown in Table 3 . There were some significant (P<0.05) differences observed amongst treatments. The birds receiving feed from treatments 2, 4, 5, 6, 7 consumed less feed compared to the control (treatment 1). As mentioned previously, the average protein for the control was 7.42% which declined as the incubation period increased. Therefore, less feed intake meant less protein intake, thereby reducing weights.
Bifidobacteria population:
Bifidobacteria population results are presented in Table 3 . There were significant (P<0.05) differences for weeks 4 and 5 amongst treatments. Treatment 4 yielded the highest bifidobacteria population for both weeks. As noted in previous reports by Willis et al. (2009) , bifidobacteria in chicken feces will not rise far above 8.00 cfu's at log10 and indeed, the level approached 8.00 cfu's in most treatment groups. This beneficial bacteria in the gut generally supports good gut health by competitive exclusion of harmful bacteria from the gut of chickens (Ohimain and Ofungo, 2012) .
Oocyst counts:
The oocyst counts are shown in Table 3 . The egg count was low and consistent in all treatments except 2 which was significantly (P<0.05) higher than the control and all others. It was also observed that the lowest numerical IgA values (data not shown) and lymphocyte percent was associated with treatment 2. The reason why this treatment has the highest and lowest values for oocyst count and IgA level is not known at this time and requires further investigations. In a recent experiment conducted by Willis et al. (2013) , there was a very low level of natural oocyst shed from broilers that were fed different types and levels of mushrooms which is in agreement with the findings in this paper. Blood differential percentages: Blood differential percents are shown in Table 4 . There were significant differences in all components of blood evaluation. The most notably was seen with the heterophiles o f treatment 6, 7, 8 and 9 which were significantly higher than the control. Differences were also observed in the monocytes. Recently, research results from Willis et al. (2010) observed no dose response influence by feeding different levels of shiitake FMG on heterophils and lymphocytes percentages. According to published work by Campbell (2007) , healthy birds are expected to have more lymphocytes than heterophils in circulation which would influence the H:L ratio. However, Maxwell and Robertson (1995) noted that the numbers of heterophils increase during stressful conditions and because o f that, the H:L ratio can be used to detect the presence of physiological stress. Although, no experimental challenge was involved here, birds appeared to b e healthy based on performance traits. So these results are inconclusive, because the variations i n hematological values could be dependent on many factors that influence the physiological state of the broiler chickens.
Mortality and serum IgA and IgG levels: The percent mortality for each treatment is shown in Table 3 . There was no significant mortality related to treatments. The serum IgA levels were not significantly (P<0.05) influenced by the FMG supplementation (data not 
